N onalcoholic fatty liver disease (NAFLD) is one of the leading causes of chronic liver disease worldwide. 1, 2 NAFLD is defined as presence of hepatic steatosis, in the absence of secondary causes such as excessive alcohol intake, medications, some hereditary disorders, and infections. NAFLD is generally an asymptomatic disease, and the most common cause of elevated serum aminotransferase levels (ALT), which is, in most cases, the only laboratory abnormality found in patients with NAFLD. 3, 4 The prevalence of NAFLD is estimated to be between 20% and 40% in the general population, but exceeds 80% in specific groups such as the morbidly obese patients. 5 In many cases, NAFLD presents in the context of metabolic syndrome or its components such as obesity, diabetes (DM), insulin resistance, and dyslipidemia which are also the common risk factors for NAFLD development. 6 Parallel to the increased incidence of obesity, NAFLD is projected to be a major cause of liver-related morbidity and mortality in the next decades. 7, 8 Pathologically, NAFLD encompasses a range of liver disorders, starting from simple hepatic steatosis, to nonalcoholic steatohepatitis (NASH), which can lead to cirrhosis and hepatocellular carcinoma (HCC). 9, 10 In this context, NAFLD contributes significantly to the burden of cirrhosis in the United States. 11, 12 In fact, recent data suggest that NASH has become the second leading cause for liver transplantation in the United States. 13 Beside the clinical burden of NAFLD (cirrhosis and HCC), NAFLD could potentially have enormous impact on resource utilization contributing to the societal economic burden of this disease and other obesity related diseases. [14] [15] [16] [17] In fact, in our previous study of outpatient Medicare recipients with NAFLD enrolled from 2005 to 2010, we showed that the resource utilization related to NAFLD is on the rise. 18 However, this study was limited to the outpatient setting and did not provide detailed information about the resource utilization in cirrhotics and noncirrhotics with NAFLD. Therefore, the aim of this study is to investigate and quantify the economic burden of NAFLD and related cirrhosis among the Medicare beneficiaries who sought inpatient and outpatient care in 2010. Figure 1 and for outpatient see Figure 2 . ICD-9 code for health conditions were considered to be always present if they were coded at least once.
MATERIALS AND METHODS

Data Source and Study Population
Outcomes
The resource utilization parameters included total charges and total provider payments. The total provider payments were calculated as the sum of Medicare reimbursement amount plus the primary insurance payment plus the beneficiary-paid amounts (copay and deductibles). For the time-varying variables, a unique variable was created for each healthcare utilization episode during 2010. For example, total health care charges vary by claim, so we created a variable for each beneficiary representing annual total health care charges for each claim: further, an average annual charge was calculated by dividing annual total charges by annual total health care visits.
Variables
The following variables were available: The following 7 diagnoses were also considered covariates and were identified using any of the up to 10 listed ICD codes: (1) hepatic cirrhosis was identified by ICD-9 code 571.5 as hepatic cirrhosis without mention of alcohol; (2) 
Statistical Analysis
Study characteristics are presented with interquartile ranges (IQRs) for continuous variables or proportions for categorical variables. Descriptive characteristics were compared between NAFLD with compensated cirrhosis (CC) and DCC by t test for numerical variables and w 2 tests for categorical variables. Log-linked g-generalized regression was used to generate b coefficients with P-values for each highly skewed outcome variables. To separately describe the amount of increases and decreases in annual total charges/payments associated with a unit change in the explanatory variable for inpatient care cohort and in outpatient care cohort, exponentiated coefficients were reported as percentages. In the inpatient cohort, we analyzed the causes of hospitalizations among patients with NAFLD, according to the presence or absence of cirrhosis. In order to minimize a misclassification bias, we further narrowed the inpatient population to patients with NAFLD, where NAFLD was primary, secondary or tertiary diagnosis, and analyzed the leading causes of hospitalization again. Finally, using the primary ICD-9 diagnosis code, we selected the following conditions: NAFLD, nonalcoholic hepatic cirrhosis, hepatic encephalopathy, portal hypertension, esophageal varices with/without bleeding, ascites, and spontaneous bacterial peritonitis as NAFLDrelated inpatient/outpatient utilization. Data analyses were conducted for a beneficiary level not a claim level. SAS v.9.3 (SAS Institute Inc., Cary, NC) software was used for the statistical analysis. This study was approved by the Inova Institutional Review Board.
RESULTS
After applying strict inclusion and exclusion criteria, between January 1, 2010 and December 31, 2010, we were able to include 976 NAFLD patients who received care in the inpatient setting while 4742 NAFLD patients sought care in the outpatient setting ( Figs. 1 and 2 ). Overall, approximately 87% were white, 36% were male, and nearly 30% had CVD or metabolic syndrome conditions (DM, hypertension, hyperlipidemia) ( Table 1 ). Of the entire NAFLD cohort, about 12% had compensated or DCC.
Total Hospital Charges and Payments for the Inpatients With NAFLD
Among NAFLD inpatients, the median annual total hospital charges were $36,289 (IQR: $18,359-$71,225] ( Table 1) . As expected, total charges for the NAFLD patients without cirrhosis were significantly lower than those for NAFLD patients with cirrhosis ($33,863 vs. $61,151; P < 0.001). Furthermore, charges for the NAFLD patients with DCC were significantly higher than patients with CC ($66,554 vs. $34,860; P = 0.019) ( Table 2 ). In multivariate adjusted analyses, inpatient mortality (258%, P < 0.001), presence of CC (90%, P < 0.001), and presence of CVD (51%, P < 0.001) were associated with increased inpatient total charges (Table 3) .
Among inpatients with NAFLD, the median annual total payment was $11,043 (IQR: $6,103-$21,345). Again, for NAFLD patients without cirrhosis, total payment was significantly lower compared with patients with advanced disease ($10,146 vs. $18,804, P < 0.001) ( Table 1) . Furthermore, NAFLD patients with DC had approximately $8000 higher annual total hospital payment than NAFLD with CC ($19,767 vs. $11,699, P = 0.018) ( Table 2) . In multivariate analyses, inpatient mortality (148%, P < 0.001), presence of DC (89%, P < 0.001), and presence of CVD (53%, P < 0.001) were again associated with increased total inpatient payment (Table 3) .
Total Hospital Charges and Payments for the Outpatients With NAFLD
The median annual total outpatient care charge was $9,011 ($4,030-$18,577) for patients with NAFLD for a total of 6 outpatient visits (range: 3 to 11) ( Table 1) . Compared with NAFLD patients with cirrhosis, NAFLD patients without cirrhosis had significantly lower outpatient charges ($8,830 vs. $12,049, P < 0.001). Similar to the inpatient setting, total charges increased in the outpatient setting in parallel to the severity of the liver disease. Patients with DCC had approximately a $5,000 higher charges than patients with CC ($15,187 vs. $10,379, P = 0.043) ( Table 2 ). In multivariate adjusted analyses, presence of CVD (66%), hypertension (61%), and obesity (53%, all P < 0.001) were associated with increased outpatient charges (Table 3) .
Among NAFLD patients, the median total annual outpatient care payment was $1,777 ($785-$4,043) (Table 1) . Again, NAFLD patients without cirrhosis had significantly lower payments than NAFLD patients with cirrhosis ($1,734 vs. $2,586, P < 0.001). Although NAFLD patients with DCC had higher payments than patients with CC, it was not statistically significant ($2,701 vs. $2,389, P = 0.34) ( Table 2 ). Similar to outpatient charges, presence of CVD (62%), hypertension (61%), and obesity (52%, all P < 0.001) were associated with increased outpatient payments in NAFLD patients with Medicare (Table 3) .
NAFLD-related Total Hospital Charges and Payments
In order to assess the NAFLD-related resource utilization more clearly, we selected inpatients and outpatients where NAFLD and related diseases (cryptogenic cirrhosis, etc.) were the primary diagnosis. In addition, in order to exclude the impact on an expensive confounder, we excluded patients with CVD ( Table 4) . As expected, the number of patients in each group was smaller than the original analysis. Compared with the total cohort, total cumulative charges ($74,276 vs. $36,289) and payments ($20,450 vs. $11,043) almost doubled in this NAFLD-related analysis in the inpatient setting. In contrast, total cumulative charges ($6390 vs. $9011) and payments ($1400 vs. $1777) were found to be slightly lower in the NAFLD-related analysis as compared with total cohort in the outpatient setting.
Causes of Hospitalizations Among the Inpatients With NAFLD
We also analyzed the leading causes of hospitalizations among total inpatient cohort. In patients with the diagnosis of cirrhosis, hepatic encephalopathy (16%) was the most common diagnosis, followed by the diagnosis of "cryptogenic cirrhosis" and the diagnostic code for "NAFLD." In the cohort without diagnosis of cirrhosis, the most common diagnoses leading to hospitalization were acute pancreatitis, morbid obesity, and pneumonia.
In order to assess NAFLD-related hospitalizations more clearly, we reanalyzed the data for inpatients where NAFLD was the primary, secondary or tertiary diagnoses. This reanalysis showed that in those who were admitted with diagnosis of cirrhosis, NAFLD (16%) and hepatic encephalopathy (14%) were the most common diagnoses, followed by chronic bronchitis. In contrast, in patients who were hospitalized without cirrhosis, acute pancreatitis remained the leading cause of hospitalization, followed by morbid obesity and acute bronchitis.
DISCUSSION
NAFLD is a growing health problem around the world, affecting patients and the society not only with its clinical consequences, but also with its economic burden. Although NAFLD impacts all age groups, the prevalence of NAFLD increases with age, 1-4 making it especially pertinent to the Medicare services in the United States.
Our study showed that Medicare patients with NAFLD posed substantial inpatient and outpatient health care utilization. As liver disease progressed to cirrhosis and its complications, the total charges and payments from Medicare in both the inpatient and outpatient setting increased. In fact, NAFLD with DCC was associated with higher costs, with 90% and 70% increases for total charge and payment in the inpatient setting, and 46% and 13% increases in the outpatient setting, when compared with noncirrhotic NAFLD patients. In addition to the actual cost per patient, the total number of patients with NAFLD in the United States can make these costs potentially enormous. It is estimated that about 25% of US population has NAFLD. Further, approximately 10% to 12% of these patients will transition to a more severe disease state, NASH, which can then progress to cirrhosis.
The findings of this study were in agreement with previous studies that reported the increased resource utilization among NAFLD patients. [18] [19] [20] In a recent study among outpatients with NAFLD who were Medicare beneficiaries, it was found that the annual average charge and payment significantly increased between 2005 and 2010. The outpatient charge increased nearly a thousand dollars, with an annual increase rate of 5%. 18 This is an important finding indicating not only an increasing prevalence of NAFLD but also an increase in the cost of each patient with NAFLD over the study time period. In another study, Baumeister et al 19 investigated the cost of presumed fatty liver in the inpatient and outpatient setting. They reported their findings according to liver hyperechogenicity on the ultrasound and ALT levels. The authors concluded that compared with those with normal liver echogenity and normal levels of ALT, presence of liver hyperechogenity with elevated ALT levels increased overall costs 32%, with a 15% increase in outpatient costs and a 38% in inpatient costs. In our study, in order to assess resource utilization caused by NAFLD more clearly, we reanalyzed the total cohort and selected inpatient and outpatient groups where NAFLD and other related diagnostic codes (NAFLD-related cirrhosis, hepatic encephalopathy, portal hypertension, etc.) were the primary diagnosis. From one of the subanalysis, we excluded an important confounder associated with NAFLD which could be driving the cost (CVD). These reanalyses showed that total charges and payments almost doubled for inpatients when NAFLD-related conditions were the primary diagnosis in comparison to the total cohort. On the contrary, in the outpatient setting, total charges and payments were slightly lower than the total NAFLD cohort. These data suggest that when NAFLD is the primary diagnosis in the inpatient setting, these patients have more severe disease accounting for the higher costs.
It is also important to remember that most patients with NAFLD are asymptomatic and undiagnosed. In this context, a large number of these patients may silently progress and then present with cirrhosis for liver transplantation or present with the diagnosis of advanced HCC. 12, 21, 22 Presence of cirrhosis is important because the median survival of CC is about 6.5 years, which falls to 2.5 years for those in the decompensated stage. 23, 24 In our study, 22% of inpatient and 14% of outpatient NAFLD patients with DCC died during the study period of only 12 months, whereas these rates were 9% and 1.7% in patients with CC, respectively. This data reiterates the poor prognosis of NAFLD-related DCC. In addition to the high mortality, cirrhotic patients are known to have significant morbidities such as variceal bleeding, ascites and hepatic encephalopathy which could lead to not only increased resource utilization but also significant negative impact on patients' health-related quality of life. 25 Our study also confirmed the strong association between NAFLD and the risk of CVD. Previous studies reported that the prevalence of coronary, cerebrovascular and peripheral vascular disease were remarkably higher among patients with NAFLD. [26] [27] [28] In our study, CVD was an important driver of resource utilization. In fact, in Medicare patients with NAFLD, presence of CVD was an independent predictor of charges and payments in both inpatient and outpatient settings, with >50% increase in inpatients charges and payments, and >60% in the outpatient setting. In addition to CVD, our study also confirmed the close association of NAFLD with metabolic syndrome components and obesity. In fact, among NAFLD patients with CC, >65% had hypertension and nearly 60% had diabetes. Similar to CVD, in multivariate analysis, presence of these comorbidities was found to increase inpatient and outpatient charges and payments in different rates. Obesity was another factor for increased resource utilization increasing total outpatient charges and payments by >50%. In fact, as a future projection, Finkelstein et al 29 reported that obesity prevalence will be 42% in the year 2030 and if it remained at 2010 levels, nearly $440 billion in medical expenditures would be saved in the next 2 decades. These findings are in agreement with the study by Ghamar Chehreh et al, 30 showing the average treatment cost of NAFLD patients with obesity and hypertension was higher than for treatment of NAFLD patients without metabolic conditions. There were some limitations to our study. First, because of lack of accessibility of recent data, we utilized inpatient and outpatient data for the year 2010 only. By limiting the study period to a year, we were unable to make estimations about the changing pattern of the economic burden of NAFLD, as noted in other publications. 18, 31 Second, although charges and payments for procedures, imaging and other costs were included in the total amounts, we were unable to itemize individual amounts of these procedures among cirrhotic and noncirrhotic NAFLD patients. Also, as this was a retrospective study on Medicare database, we could not determine if patients utilized any type of healthcare plan other than Medicare, which may have changed our findings. Finally, we used ICD-9 coding and a very strict criteria to select our study cohort. Although this approach assured us that we have only patients with NAFLD, it certainly may have underestimated the number of NAFLD patients with Medicare.
In summary, NAFLD is associated with a significant economic burden to Medicare. Presence of DC due to NAFLD is associated with more resource utilization compared with CC and noncirrhotic NAFLD patients. It can be suggested that as long as the prevalence of obesity and NAFLD continue to grow, this economic burden of NAFLD on Medicare expenditures will continue to rise.
